Summary
Introduction
The pandemic influenza A/H1N1/09 virus (PIA) spread in the Swiss paediatric population after the first case was diagnosed on April 24, 2009 [1] . However, it was not until October 2009 that the number of cases and hospitalisation rates secondary to PIA infection increased notably, reaching a peak in week 49 [1] . In Switzerland, according to nationally reported data, 5-14-year-old children were the age group most frequently affected, with 438 cases of confirmed PIA infection per 100,000 inhabitants, followed by 0-4-year-old children with 364 cases per 100,000 inhabitants [1] . Similarly, in other countries the incidence of PIA was also highest in children younger than 14 years [2] [3] [4] . This study reviewed all paediatric patients hospitalised in children's hospitals in Switzerland with a diagnosis of influenza A/H1N1/09 virus infection during the 2009 influenza pandemic and analyses their characteristics, risk factors for admission to a paediatric intensive care unit (PICU), and outcomes.
Methods
In 2009, Switzerland had an estimated paediatric population (≤18 years of age) of 1,542,271 [5] . All children living in Switzerland have medical insurance and access to healthcare. This study was carried out in all 11 children's hospitals in the country (comprising the five university children's hospitals in Basel, Bern, Geneva, Lausanne and Zürich, and the children's hospitals of Aarau, Luzern, St. Gallen, Hôpitaux du Valais, Fribourg and Triemli in Zurich, all but the latter three having a paediatric intensive care unit supplying mechanical ventilation) between June 2009 and January 2010. All patients ≤18 years old, hospitalised with a positive influenza A/H1N1/09 virus quantitative reverse transcriptase polymerase chain reaction (RT-PCR) from a nasopharyngeal specimen (swab or aspirate), were included. Demographic and clinical characteristics, laboratory and radiological data, treatment, hospital evolution and outcome were obtained prospectively or retrospectively immediately after the pandemic from medical charts by use of a uniform, standardised case-report form. Influenza A/H1N1/09 virus was first detected in April 2009 in Switzerland. The outbreak, however, started on week 44 of 2009 and lasted until week 2 of 2010. This study was conducted in accordance with the principles and standards of Good Clinical Practice, with the Helsinki Declaration, and with the ethics boards' approval. Statistical analyses were carried out using SPSS (PASW Statistics 18.0.0; IBM Corporation, Somers, NY). Standard descriptive statistics were used to describe demographics, outcomes and clinical characteristics. Categorical data were compared with chi-square tests, or Fisher's exact test when appropriate. Characteristics of children were compared by using Student's t-test, linear regression or MannWhitney-U/Kruskal-Wallis tests, according to the type of independent variable. Multivariate analysis was used to determine predictors of PICU admission. For all statistical tests, differences were considered significant when p-values were <0.05.
Results
Three hundred and twenty six PCR-confirmed PIA-positive children were hospitalised between June 2009 and January 2010 (median age at admission 43.7 months, (range 0 to 219.7) in all eleven children's hospitals in Switzerland. Rapid antigen tests for influenza were performed at the time in 42 patients (12.9%). Among these, 28 patients (66.7%) had a positive test result. Seventythree infants (22%) were <1 year-old and 190 (58.3%) were male. The peak (87.1%) of PIA-related hospitalisations occurred between November and December 2009. One hundred and twenty-six children (38.7%) had one or more preexisting medical condition (table 1), neurological disease and prematurity (defined as birth at less than 37 weeks gestational age) being the most frequent conditions.
Vaccination against influenza
Twenty-one children (6.4%) were vaccinated against PIA before admission, most of them (95%) because of a known chronic disease, following national recommendations [6]. Only two patients were vaccinated twice. Eighteen patients were vaccinated 1-54 days (median 7, interquartile range [IQR] 12) before onset of disease; two patients were vaccinated 3 and 4 days after the onset of symptoms (missing data for one patient).
Hospital admission
Hospital admission was at a median of 2 days (range 0-39, IQR 4) after the beginning of illness in 308 patients (15 patients were already hospitalised, missing data for 3 patients). Reasons for hospital admission are summarised in table 2: >80% of children were admitted with a respiratory tract infection, febrile seizures, or vomiting/dehydration. In the initial stages of illness, respiratory symptoms alone appeared a median of 4 days (range 0-25, IQR 4) before admission in 170 patients.
Admission to intensive care unit Twenty (6.1%) of 326 patients were admitted to the PICU. Of these, six (30%) were 0-4 years of age including three <12 months; eight (40%) were 5-11 years old and six (30%) were 12-18 years old. Older children (12-18 years old) had proportionately a higher likelihood to be admitted to the PICU than the younger age groups (12.2% vs 0-4 [3.2%] and 5-11 years old [9.1%], p = 0.025), but they also had more comorbidities (61.2% vs 42.2% and 21.3%, respectively, p <0.001). The main reason for PICU admission was complicated pneumonia (n = 10, 50%). Six (30%) patients required mechanical ventilation. The median stay in the PICU was 3 days (range 1-21, IQR 4). In the multivariate analysis, only older age group was a predictor of PICU admission.
Hospital stay and death
The median duration of hospitalisation was 2 days (range 0-36, IQR 3) for 304 patients (excluding 15 patients with nosocomial influenza), and data were missing for seven foreign patients who were transferred back to hospitals in their home countries.
Among the 326 hospitalised children, two (0.6%) died which results in a mortality of 0.13 per 100,000 children. One was a 5-month-old boy with an unknown syndrome who died after a cardiac arrest and was declared dead on arrival in the hospital. On autopsy, bacterial pneumonia was found as cause of death. The second patient was a 15-month-old girl with a history of pre-B acute lymphoblastic leukaemia. She was admitted because of febrile neutropenia and pneumonia on the day of onset of symptoms, and died from cardiorespiratory failure 8 days later
Clinical presentation
Signs and symptoms during hospital stay are described in Among all hospitalised patients, 142 (43.6%) had suspected bacterial infection (based on clinical, biological, or radiological evaluation by the physician in charge and prompting antibiotic treatment), including severe bacterial infections, such as sepsis or septic shock (n = 7), toxic shock syndrome (n = 3), meningitis (n = 1), mastoiditis (n = 1), or bacterial peritonitis (n = 1). Pneumonia on chest radiography was diagnosed in 85 patients: four children developed pleural effusion and one had empyema. Three children had a complicated necrotising pneumonia secondary 
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Treatment
Antibiotics were prescribed in 147 patients (45.1%), most commonly amoxicillin with clavulanic acid (n = 61), amoxicillin (n = 24), and ceftriaxone (n = 21). Combination antimicrobial therapy was used in 14 patients, usually comprising a third generation cephalosporin with an aminoglycoside (n = 7). The main reason for antibiotic use was a respiratory tract infection, in particular suspected bacterial pneumonia. In three patients, antibiotics were reported as prescribed prophylactically. The median duration of antibiotic treatment was 7 days (range 1-35, IQR 5). Oseltamivir was prescribed in 108 patients (33.1%), for a median duration of 5 days (range 2-10, IQR 0). In 64 (59.3%) of these patients oseltamivir was administered within 48 hours of onset of symptoms. Median duration of hospitalisation in these 64 children was 2.5 days (range 1-63, IQR 3), while it was 2 days for the children receiving oseltamivir after 48 hours (p = 0.064). Median duration of hospitalisation for children not treated with oseltamivir was 3.4 days (range 0-32). Among 64 oseltamivir-treated patients before 48 hours, 32 (50%) were <5 years of age and 39 (60.9%) patients had a pre-existing medical condition. Pneumonia was observed in 7 (10.9%) of 64 patients treated with oseltamivir within 48 hours, and in 78 (29.8%) of 262 not treated with oseltamivir or treated >48 hours after onset of disease (p <0.001). Four (6.2%) of 64 children treated with oseltamivir within 48 hours were admitted to the paediatric intensive care unit (PICU), where two of them required mechanical ventilation. The use of oseltamivir did not decrease the risk of admission to the PICU (odds ratio 1.025; 95% confidence interval 0.331 to 3.178).
Discussion
This study describes all children admitted to paediatric hospitals in Switzerland with confirmed influenza A/H1N1/ 09 disease during the 2009 influenza pandemic. Most of the children were less than 5 years old and a significant proportion of patients were younger than 1 year of age, both findings being similar to the previous influenza season (2008/2009) in Switzerland [7] . According to the national database, the hospitalisation rate for pandemic influenza in Switzerland was 72 per 1,000 confirmed cases in the 0-4 years age group or 26 per 100,000 children 0-4 years of age, which was the highest after the >65 years-old group [1] . In our study, the calculated incidence was almost twice as much, i.e. 49/100,000 (189 of 382,170 children 0-4 years of age living in Switzerland at the end of the year 2009; http://www.bfs.admin.ch/bfs/portal/de/index/themen/ 01.html). This discrepancy indicates that underreporting of cases through the national pandemic influenza surveillance system had occurred. Time between onset of disease and hospital admission was unusually short. This may be related to the virulence of this particular pandemic influenza virus and/or increased media attention that might have caused fear, not only amongst parents but also amongst healthcare workers leading to rapid hospitalisations. Approximately one-third of hospitalised children in our study had an underlying medical condition. This is comparable to other paediatric studies, which reported an underlying condition as a risk factor for hospital admission in 32% to 75% of patients during the same pandemic [8] [9] [10] [11] [12] [13] [14] . As in other studies, the main cause for hospitalisation was respiratory tract disease, followed by gastrointestinal symptoms in all age groups [9, 10, 12] . Asthma was identified by others as a major risk factor for admission in the PICU [8] .
In our study, only 12% of hospitalised children had asthma and only one patient was admitted to the PICU. Influenza is known to cause febrile seizures in children [15] . Most of the patients admitted with febrile seizures in our study did not have a prior history of neurological disease. However, the true incidence of febrile seizures in children with pandemic influenza A/H1N1/09 virus infection is difficult to assess, because children with uncomplicated febrile seizures are often not admitted to hospital [16] .
We observed an unusually high proportion of severe bacterial co-infections, which does not concur with other paediatric reports describing much lower rates (<5%) [8, 12, 17] . This could be explained by the fact that bacterial co-infection was actively searched for in most patients, because of the notion that influenza-associated paediatric mortality is usually linked with bacterial co-infection [18, 19] . As a consequence, almost 50% of our patients were initially treated with antibiotics. The design of this study prevents us from establishing if this high use of antibiotics had an impact on disease outcome. However, the paediatric mortality rate secondary to PIA infection during the 2009 influenza pandemic in Switzerland was low and the two fatalities that occurred were in children with severe underlying medical conditions. The relatively small number of patients admitted to PICU is probably explained by the fact that the pandemic overall was less severe than anticipated and access to healthcare is easy in Switzerland, leading to rapid interventions. In our study, only older age (12-18 years old) was a predictor of PICU admission. However, it should be noted that comorbidity was also significantly higher in children hospitalised in this age group. Interestingly, children admitted to PICU with complicated pneumonia had no pre-existing conditions, such as immunosuppression or chronic lung disease. Oseltamivir was prescribed in approximately one-third of our patients and in a little more than half of the patients this was done within the recommended time frame, i.e. within 48 hours of onset of symptoms. It may seem surprising that such a low percentage of children were treated although official recommendations called for treatment of all hospitalised children. It is likely that Swiss paediatricians hesitated to treat with oseltamivir because of early reports from the southern hemisphere about the small effect of oseltamivir on symptoms and on transmission [20, 21] . Similarly, in our study oseltamivir treatment did not appear to reduce the risk of PICU admission. However, the number of patients admitted was low and this may reflect a lack of power of our study. Vaccinating children ≥6 months of age against influenza and taking advantage of indirect protection of young children by vaccinating their parents and other household members could have had a significant effect in decreasing hospitalisation rates among infants. Early in the course of the pandemic, the Swiss Federal Committee for Vaccinations had recommended that children ≥6 months of age with underlying disease should be vaccinated with pandemic influenza vaccine as soon as possible [6] . However, because of the belated authorisation by the Swiss regulatory agency, only a small percentage of children at risk were immunised before the pandemic reached its peak. This explains the low number of vaccinated children and the short period between vaccination and illness in several patients. Influenza vaccination rates in children in Switzerland are unfortunately unavailable for this period. Our study has several limitations. First, it was not performed prospectively in all centres. However, all data was retrieved from the medical charts less than 6 months after hospital admission by paediatric infectious disease specialists using a standardised case-report form. Second, although the setting included all paediatric hospitals in Switzerland we cannot exclude the possibility that paediatric patients with influenza, especially adolescents, were admitted to medical centres for adults. Nevertheless, it is likely that the most severe cases and those with longer hospital stays would have been transferred to a children's hospital rapidly after admission. Finally, because the cases in the paediatric community were not reported systematically, predictors of hospitalisation could not be evaluated. However, although there were similar results to those of previous studies, confirming the clinical aspects of the disease [8] [9] [10] [11] [12] 17] , we show that pandemic influenza A/H1N1/09 virus infection in children can be associated with increased disease severity regardless of past history or underlying disease, even in the young age group, as has been shown for seasonal influenza [22] .
